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Abstract
Background: The mean age of transcatheter aortic valve implantation (TAVI) patients is steadily decreasing.
Aims: The aim of the study was to describe the characteristics, the indications for and the outcomes of 
TAVI in patients <70 years old.
Methods: All patients undergoing TAVI (n=8,626) from the 18 participating centres between January 2007 
and June 2020 were stratified by age (</>70). For patients <70, the indications for TAVI were extracted 
from Heart Team discussions and the baseline characteristics and mortality were compared between the 
two groups.
Results: Overall, 640 (7.4%) patients were <70 (9.1% during 2018-2020, p<0.001); the mean age was 
65.0±2.3 years. The younger patients were more often male, with bicuspid valves or needing valve-in-valve 
procedures. They had a higher prevalence of lung disease and diabetes. In 80.7% of cases, the Heart Team 
estimated an increased surgical risk and TAVI was selected, reflected by an STS score >4% in 20.4%. Five-
year mortality was similar (29.4 vs 29.8%, HR 0.95, p=0.432) in the <70 and >70 groups. In the <70 group, 
mortality was higher for those referred for TAVI due to an increased surgical risk compared to those referred 
for other reasons (31.6 vs 24.5%, HR 1.23, p=0.021). Mortality was similar regardless of the STS stratum in 
patients judged by the Heart Team to be at increased surgical risk (32.6 vs 30.4%, HR 0.98, p=0.715).
Conclusions: Use of TAVI in patients <70 is becoming more frequent. The main reason for choosing TAVI 
is due to an increased surgical risk not adequately represented by the STS score. The outcomes for these 
patients are similar to those for older TAVI patients. Dedicated trials of TAVI/SAVR in younger patients are 
needed to guide decisions concerning expansion of TAVI indications. ((ClinicalTrials.gov: NCT04031274).
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Abbreviations
AS aortic stenosis
COPD chronic obstructive pulmonary disease
ESC European Society of Cardiology
MI myocardial infarction
SAVR surgical aortic valve replacement
STS Society of Thoracic Surgeons
TAVI transcatheter aortic valve replacement
TVT transcatheter valve therapy
YO years old

Introduction
The management of patients suffering from symptomatic severe 
aortic stenosis (AS) has been revolutionised by the introduction 
of transcatheter aortic valve implantation (TAVI). Indications 
for TAVI have expanded from high-risk/inoperable patients, to 
include elderly patients at intermediate surgical risk as well1. 
A meta-analysis of all randomised trials comparing TAVI to sur-
gical aortic valve replacement (SAVR) demonstrated that TAVI is 
at least equivalent to SAVR in terms of two-year mortality across 
the spectrum of surgical risk2. The frequency of TAVI is grow-
ing exponentially and, according to recent data, it is used in 40% 
of all interventions for severe AS in Europe3. The median age of 
TAVI patients in current practice is 80 years old (YO)4. Data on 
the use of TAVI in patients younger than 70 YO are scarce. Even 
in trials that compared TAVI/SAVR in low surgical risk patients, 
the mean age was around 73 YO5,6. Therefore, although the recent 
European Society of Cardiology (ESC) guidelines recommend the 
use of surgical bioprosthetic valves in patients as young as 65 YO, 
it still endorses reserving TAVI for patients over 75 YO, prefer-
ring SAVR for younger patients (subject to further assessment of 
surgical risk, comorbidity burden, frailty, and anatomic suitabil-
ity)1. The American guidelines have reduced the age threshold for 
considering bioprosthetic valves to 50 YO7 and its recent guide-
lines recommend considering TAVI in patients as young as 65 YO, 
pending Heart Team discussion8.

Younger AS patients have several features that distinguish them 
from the elderly AS population and that may affect the choice 
between TAVI/SAVR, the most common being a higher preva-
lence of bicuspid aortic valves9. In addition, it is well recognised 
that for bioprosthetic valves, the rate of structural valve degenera-
tion10 becomes higher as the age at intervention decreases11.This is 
an issue for which data on TAVI valves are still limited. Our aim in 
this study was to describe the use of TAVI in younger (i.e., <70 YO) 
patients in "real-world" practice, examine the reasons for choosing 
TAVI over SAVR in this age group, and compare their characteris-
tics and clinical outcomes with the ≥70 YO TAVI population.

Editorial, see page 1281

Methods
PATIENT POPULATION
The Aortic+Mitral TRAnsCatheter (AMTRAC) registry (NCT 
04031274) is an investigator-initiated multicentre registry of 

18 TAVI centres in Europe and Israel12. The registry includes 
patient-level data (demographic, clinical, echocardiographic, pro-
cedural, and clinical and echocardiographic follow-up) for all con-
secutive patients who underwent TAVI at the participating centres. 
Detailed patient-level data were collected at each centre using 
a uniform electronic case report form and sent to the coordinat-
ing centre (Rabin Medical Center, Petah Tikva, Israel), where 
the unified database was compiled and analysed. For this study, 
we initially included all patients who underwent TAVI between 
1 January 2007 and 30 June 2020 at all participating centres. For 
all patients undergoing TAVI younger than 70 YO as of 1 January 
2015, the records of the Heart Team discussions were reviewed to 
identify the reason for referring these patients for TAVI rather than 
SAVR. We excluded patients treated prior to 2015 in order to pre-
sent data relevant to recent/current clinical practice.

STATISTICAL METHODS
The percentage of patients <70 years of age out of the overall 
TAVI cases in the participating centres was compared across four 
time periods (2007-2010, 2011-2014, 2015-2017 and 2018-2020) 
using the chi-square test.

Patients undergoing TAVI as of 1 January 2015 were divided 
into two groups according to age at TAVI (</≥70 YO). Baseline 
characteristics (presented as mean±SD/median+IQR as appro-
priate for continuous variables, and counts (%) for categorical 
variables) were compared between the two groups using the inde-
pendent sample t-test, Mann-Whitney U test and the chi-squared 
test as appropriate. Five-year overall mortality according to age 
group was plotted by Kaplan-Meier curves and compared using 
the log-rank test (unadjusted analysis). The hazard ratio for mor-
tality of patients <70 years compared to those ≥70 was calculated 
using a multivariate Cox proportional hazards ratios model (mul-
tivariate adjusted analysis). Mortality was also stratified according 
to the reason TAVI was chosen over SAVR.

ETHICAL APPROVAL AND STUDY REGISTRATION
The registry protocol was approved by the local institutional 
review board as required at each participating centre, the registry 
is listed in ClinicalTrials.gov (NCT04031274).

Results
Overall, our cohort included 8,626 consecutive TAVI cases, of 
whom 640 (7.4%) were <70 YO. The percentage of these patients 
from the overall TAVI cases increased gradually from 3.9% during 
2007-2010 up to 9.1% during 2018-3.2020 (p<0.001) (Figure 1).

Baseline characteristics of the two patient groups are presented 
in Table 1.

The mean age in the <70 YO group was 65.0±2.3 and 
82.4±4.9 years in the ≥70 YO group. The younger patients were 
more likely to be male, with a history of previous cardiac sur-
gery, chronic obstructive pulmonary disease (COPD) and diabe-
tes mellitus, but were less likely to suffer from hypertension. For 
procedural characteristics, younger patients had higher rates of 
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valve-in-valve (ViV) procedures (7.5 vs 3.4%); they were treated 
more often using balloon-expandable valves but were less likely 
to undergo the procedure via the femoral access than ≥70 YO 
patients (the rate of femoral access use was nonetheless very 
high in both groups, 92.2 and 96.0%, respectively). As expected, 
younger patients showed a much higher prevalence of bicuspid 
aortic valve (BAV) (12.4 vs 4.1%). The young patients’ group had 
a lower mean surgical risk according to the Society of Thoracic 
Surgeons (STS) score (3.1 vs 5.3, p<0.001) (Table 1).

INDICATIONS FOR TAVI IN PATIENTS <70 YEARS OF AGE
Indications for preferring TAVI over SAVR in patients <70 years 
of age are presented in Figure 2.

The most common reason (80.7% of the overall cases) for pre-
ferring TAVI over SAVR was the Heart Team assessing the patient 
to be at an increased surgical risk (see detailed reasons below). 
Other reasons included: previous solid organ transplant or a need 
for chronic immunosuppression (3.0 and 2.0%, respectively), 
active malignancy (4.2%), chronic bleeding disorders (1.6%), psy-
chiatric disease (1.1%) or neurologic/neuromuscular impairment 
(0.7%). TAVI was chosen due to the patients’ refusal to undergo 
surgery in only 3.4%. We were not able to ascertain the reason for 
preferring TAVI over SAVR in 3.3% of cases.

Of the patients deemed by the Heart Team to be at increased risk 
for SAVR, only 25.4% were classified as such using a threshold of 
STS score >4%. Other major reasons to avoid surgery were: lung 
function precluding general anaesthesia (17.0%), porcelain aorta 
(11.0%), extreme frailty (10.8%) and previous cardiac surgeries 
(overall 11.4% – including 4.4% previous SAVR, 3.7% multiple 
previous sternotomies and 3.3% patent internal mammary grafts 
crossing the midline close to the sternum). Less frequent reasons 
were echocardiographic/haemodynamic findings (overall 7.1% – 
including 4.8% with left ventricular dysfunction and 2.3% with 
severe pulmonary hypertension) and habitus/anatomy (overall 
5.4% including – 3.3% with morbid obesity and 2.1% with exten-
sive chest injury due to previous radiotherapy). Clinical presenta-
tion was the reason for increased surgical risk in 1.9% (AS-related 
cardiogenic shock/sudden cardiac death). In 5.2% the surgical 
risk was perceived as high due to comorbidities (3.3% liver cir-
rhosis, 1.9% chronic haemodialysis). The reason for classifying 
the patient as being at increased surgical risk was not available in 
4.8% of cases.

CLINICAL OUTCOMES
PERIPROCEDURAL OUTCOMES
Procedural success was high and similar in patients <70 and 
≥70 YO (95.3% and 95.6%, respectively). In-hospital mortality 
was similar (1.8% vs 2.1%, p=0.263), likewise, there was no sta-
tistically significant difference in any other periprocedural out-
come (Table 2).
OVERALL MORTALITY
Overall mortality up to five-year follow-up was similar between 
the two groups (11.9% vs 9.7%, 24.9% vs 22.8% and 29.4% 

Table 1. Baseline characteristics.

Age <70 
(n=640)

Age ≥70 
(n=7,986)

p-value

Age (years) 65.0±2.3 82.4±4.9 <0.001

Female gender 221 (34.5%) 4,193 (52.5%) <0.001

BMI (kg/m2) 26.8±6.0 27.4±6.9 0.316

eGFR (mL/min) 75.6±27.7 78.9±26.1 0.456

Haemoglobin (g/L) 11.9±2.9 10.8±2.4 0.449

STS 3.1±1.3 5.3±2.2 <0.001

AV peak (mmHg) 75.8±24.2 74.5±23.6 0.576

AV mean (mmHg) 43.1±8.2 45.8±6.4 0.448

EF (%) 51.8±13.6 52.2±10.3 0.637

AVA (cm2) 0.85±0.11 0.86±0.07 0.996

Baseline ≥MR moderate 115 (18.0%) 1,869 (23.4%) 0.009

Previous PCI 164 (25.7%) 1,957 (24.5%) 0.835

Previous MI 105 (16.4%) 1,070 (13.4%) 0.072

Previous cardiac surgery 217 (33.9%) 1,310 (16.4%) <0.001

Frailty 91 (14.2%) 1,206 (15.1%) 0.524

AF 162 (25.3%) 1,989 (24.9%) 0.968

PPM 65 (10.1%) 870 (10.9%) 0.427

COPD 166 (25.9%) 1,142 (14.3%) <0.001

DM 245 (38.3%) 2,548 (31.9%) 0.016

Hypertension 470 (73.5%) 6,549 (84.2%) <0.001

Bicuspid valve 79 (12.4%) 327 (4.1%) <0.001

Valve-in-valve 48 (7.5%) 272 (3.4%) <0.001

Femoral access 590 (92.2%) 7,667 (96.0%) <0.001

Balloon-expandable valve 306 (47.7%) 2,539 (31.8%) <0.001

NYHA III-IV 438 (68.4%) 5,542 (69.4%) 0.842

Year 2015-2017 308 (48.1%) 4,338 (54.3%)
0.071

2018-6.2020 331 (51.9%) 3,648 (45.7%)

AF: atrial fibrillation; AV: aortic valve; AVA: aortic valve area; BMI: body mass index; 
COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; EF: ejection fraction; 
MI: myocardial infarction; MR: mitral regurgitation; NYHA: New York Heart Association; 
PCI: percutaneous coronary intervention; PPM: permanent pacemaker; STS: Society of 
Thoracic Surgeons
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Figure 1. Change in volume of TAVI in patients <70 years and their 
percentage of the total TAVI volume throughout the study period. 
TAVI: transcatheter aortic valve implantation
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vs 29.8% at 1, 3 and 5 years for the <70 and ≥70 YO groups, 
respectively). This applied either when using unadjusted compar-
isons (log-rank p=0.132, 0.154 and 0.287, respectively), or mul-
tivariate adjusted comparison (HR=1.12, 1.06 and 0.95, p=0.432 
and 0.715 p=0.287 for 1-, 3-, and 5-year mortality, respectively) 
(Figure 3A).

When stratified according to the reason for preferring 
TAVI over SAVR (increased surgical risk vs all other reasons/
unknown), the five-year mortality rates in the <70 YO group 
were significantly higher for those assessed by the Heart Team 
to be at increased surgical risk (13.6% vs 8.2%, 27.0% vs 20.5% 
and 31.6% vs 24.5%, 1-, 3- and 5-year, respectively). The mor-
tality difference was statistically significant either when using 
unadjusted comparisons (log-rank p=0.031, 0.024 and 0.021, 
respectively) or multivariate adjusted comparisons (HR=1.51, 
1.24 and 1.23, p=0.013, 0.024 and 0.021 for 1-, 3- and 5-year 
mortality, respectively) (Figure 3B).

When examining only patients <70 YO referred for TAVI due to 
perceived increased surgical risk, mortality was similar up to and 
including five years of follow-up regardless of the STS stratum 
(“formal” increased surgical risk as indicated by the STS score vs 
all others): 13.0% vs 13.5%, 27.0% vs 25.9% and 32.6% vs 30.4% 
1, 3 and 5 years for the increased and low STS groups, respectively. 

1.1% Psychiatric disease/mental retardation
0.7% Neurologic/neuromuscular disease

80.7% Heart Team assessment 
            of increased surgical risk

Chronic bleeding disorder 1.6%
Indication for chronic immunosuppression 2.0%

Post solid organ transplant 3.0%
Unknown 3.3%

Patient declined surgery 3.4%
Active solid/haematologic malignancy 4.2%

25.4% STS score indicating
            increased surgical risk

17.0%
Lung function precluding GA

11.0% Porcelain aorta
10.8%

Too frail to undergo surgery

Unspecified 4.8%

Severe LV dysfunction 4.8%

Post SAVR 4.4%

Multiple previous sternotomies 3.7%
Liver cirrhosis 3.3%

Morbid obesity (BMI>35) 3.3%
Patent LIMA crossing the midline close to sternum 3.3%

Severe pulmonary hypertension 2.3%
Extensive chest injury due to radiation 2.1% 1.9% Haemodialysis

1.9% Emergent procedure due to AS-related 
    cardiogenic shock/cardiac arrest

A

B

Figure 2. A) Distribution of reasons for preferring TAVI over SAVR in patients <70 years of age as specified by the local Heart Teams. 
B) Distribution of reasons for classifying patients <70 years of age as being at increased surgical risk as specified by the local Heart Teams. 
AS: aortic stenosis; BMI: body mass index; CS: cardiogenic shock; GA: general anaesthesia; LIMA: left internal mammary artery; LV: left 
ventricle; OHCA: out of hospital cardiac arrest; PHT: pulmonary hypertension; SAVR: surgical aortic valve replacement; STS: Society of 
Thoracic Surgeons; TAVI: transcatheter aortic valve implantation

Table 2. Periprocedural complications.

Age <70 
(n=640)

Age ≥70 
(n=7,986)

p-value

Death 12 (1.8%) 168 (2.1%) 0.263

CVA/TIA 13 (2.1%) 208 (2.6%) 0.248

Vascular Minor 27 (4.2%) 375 (4.7%)
0.517

Major 13 (2.1%) 224 (2.8%)

Bleed-
ing

Minor 16 (2.5%) 226 (2.8%)

0.718Major 10 (1.6%) 160 (2.0%)

Life-threatening 7 (1.1%) 121 (1.5%)

PPM 72 (11.2%) 990 (12.4%) 0.321

AKI Stage 1 37 (5.8%) 472 (5.9%)

0.642Stage 2 6 (0.9%) 56 (0.7%)

Stage 3 5 (0.8%) 52 (0.7%)

Tamponade 3 (0.5%) 47 (0.6%) 0.475

Annular rupture 1 (0.2%) 18 (0.2%) 0.893

Coronary occlusion 3 (0.5%) 24 (0.3%) 0.652

Procedural success* 610 (95.3%) 7,635 (95.6%) 0.852

AKI: acute kidney injury; CVA/TIA: cerebrovascular accident/transient 
ischaemic attack; PPM: permanent pacemaker; PVL: paravalvular leak 
*Procedural success: deployment of a single valve with satisfactory 
haemodynamic results (mean gradient <20 mmHg and PVL <moderate), 
no conversion to open heart surgery, patient alive without having suffered 
a disabling stroke at discharge.
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VALVE HAEMODYNAMICS
Overall, the mean aortic valve gradients were higher in patients 
<70 YO both at discharge and one-year follow-up, while 
moderate+paravalvular leak was similar regardless of age group. 
However, after excluding ViV and BAV cases, haemodynamic 
results at discharge and one-year were similar in both groups. This 
was also the case when excluding only ViV cases and including 
the BAV cases in the analysis, and also when adjusting for the dif-
ference in the distribution of THV type between the two groups 
(Table 3).

Discussion
The main finding of our study is that the percentage of patients 
<70 YO in the overall TAVI population has steadily increased over 
the past decade and currently constitutes 9.1% of the TAVI volume. 
These patients have an overall lower risk profile (as represented 
by the STS score) but a higher prevalence of comorbidities such 
as COPD, previous cardiac surgery and diabetes. They are much 
more likely to have bicuspid anatomy or require TAVI as a ViV 
procedure. By far the most common reason (80.7%) for referring 
young patients for TAVI over SAVR was a clinical assessment by 
the Heart Team that they are at increased risk for surgery (which 
was discordant with their STS score in most cases). Periprocedural 
outcomes and midterm survival of these younger patients were 
similar to that of the overall TAVI population. In the <70 years 
of age group, survival was worse for those referred for TAVI due 
to increased surgical risk according to the evaluation of the Heart 
Team as compared to other reasons for choosing TAVI (regardless 
of their “formal” STS risk score).

Although SAVR should be the preferred treatment for patients 
<70 YO according to current guidelines1, the use of TAVI in this 
age group is increasing rapidly, as is their percentage of the over-
all TAVI volume4. Currently, this practice is not backed by any 
clinical data, as this age group was very rare in the pivotal TAVI 
trials. Since the trend of expanding use of TAVI into younger 
and lower-risk populations is only expected to increase, present-
ing data on clinical outcomes of these patients in real-world set-
tings is important and will help facilitate informed and shared 
decision-making by both Heart Teams and patients. To the best 
of our knowledge, the only previous report on TAVI outcomes 
of <70 YO patients comes from recently published data from 
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20.5%
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Adjusted HR 0.94 p=0.674
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Adjusted HR 1.05 p=0.924

C

KM curve for 5 years cumulative mortality

Figure 3. A) Overall mortality stratified by age at TAVI. 
Red: <70 years of age; blue: ≥70 years of age. B) Overall mortality 
in patients <70 years of age according to reason for preferring TAVI 
over SAVR. Red: increased surgical risk; blue: all other reasons. 
C) Overall mortality in patients <70 years of age referred for TAVI 
due to increased surgical risk according to definition of increased 
surgical risk. Red: STS score; blue: Heart Team assessment. 
HR: hazard ratio; STS: Society of Thoracic Surgeons; 
TAVI: transcatheter aortic valve implantation

Table 3. Valve haemodynamics at discharge and one-year follow-up.

All patients Excluding ViV and BAV

<70 ≥70 p-value
Standardised β 
coefficient#/OR*

<70 ≥70 p-value
Standardised β 
coefficient#/OR*

At 
discharge

mean AVG (mmHg) 11.6±6.3 9.8±5.5 <0.001 0.9 (0.3-1.5) 10.3±6.3 9.4±5.8 0.573 0.3 (–0.2-0.8)

moderate+PVL 27 (4.4%) 297 (3.8%) 0.712 1.06 (0.98-1.12) 20 (4.0%) 253 (3.5%) 0.624 1.08 (0.98-1.18)

One-year 
follow-up

mean AVG (mmHg) 11.4±5.9 8.9±5.7 <0.001 1.4 (0.7-2.1) 9.8±5.9 8.4±5.3 0.295 0.5 (–0.2-1.2)

moderate+PVL 16 (4.8%) 209 (4.2%) 0.911 1.02 (0.93-1.1) 20 (4.5%) 184 (4.0%) 0.746 1.10 (0.94-1.26)
#Standardised β coefficient for age <70 from a linear regression model fitted with mean AVG as the dependant variable and THV type as covariate. *OR 
for moderate+ PVL for age <70 from a logistic regression model fitted with moderate+ PVL as the outcome variable and THV type as covariate. 
AVG: aortic valve gradient; BAV: bicuspid aortic valve; PVL: paravalvular leak; THV: transcatheter heart valve; ViV: valve-in-valve

This applied either when using unadjusted comparisons (log-rank 
p=0.905, 0.973 and 0.825, respectively), or multivariate adjusted 
comparisons (HR=1.05, 0.94 and 0.98, p=0.924, 0.674 and 
0.712 for 1-, 3- and 5-years mortality, respectively) (Figure 3C).
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a national Swiss TAVI registry that stratified TAVI patients by 
age groups13. During a study period starting in 2011, 324 patients 
(4.6% of the TAVI population) were <70 YO. The mean age and 
STS score of the <70 YO group was very similar to our cohort 
(64.6 and 3.5 compared to 65.0 and 3.1), as was the one-year 
mortality (11.2% compared to 11.9%), which was similar to 
that of the 70-89 YO group. Our data represent an international 
cohort with a much larger sample size, a more current clini-
cal practice, a longer follow-up period (5 years vs 1 year) and 
includes detailed information on indications for preferring TAVI 
over SAVR. As such, its external validity is stronger and its rel-
evance to the TAVI community greater.

Our results show that within younger TAVI patients, there is 
significant discordance between the Heart Team assessment and 
the “formal” STS score14 regarding the expected surgical risk, 
even though most of the factors specified by the Heart Team 
which place the patients at increased surgical risk are included in 
the STS score.

In most cases, the Heart Team’s preference for TAVI over 
SAVR was driven by conditions/comorbidities that can generally 
be classified as relative contraindications for surgery (even condi-
tions such as porcelain aorta and lung function precluding general 
anaesthesia do not have a uniform definition and may be viewed 
differently in different institutions according to local practice/
expertise). These data highlight the limited usefulness of the STS 
score, developed using data on patients undergoing SAVR, for risk 
stratification of TAVI candidates, and raise the question: what is 
the source for this discordance? We believe this is due to the pro-
found and disruptive effect that the introduction and rapid expan-
sion of TAVI over the past decade has had on the SAVR population. 
Data from the recent STS Adult Cardiac Surgery Database and 
the Transcatheter Valve Therapy (TVT) Registry annual reports4,15, 
reveal that while the annual volume of isolated SAVR in the 
United States has been steadily declining, the annual TAVI vol-
ume increased from around 16,000 in 2014 (of whom 95% were 
at high surgical risk/inoperable) to 72,000 cases in 2019. Among 
these, 11% were at low surgical risk, with the rest evenly divided 
between intermediate and high/inoperable risk). This would sug-
gest that the introduction of TAVI into clinical practice resulted in 
the majority of intermediate-/high-risk patients being referred for 
TAVI (consistent with the current ESC and American guidelines), 
leaving low-risk patients as the main population currently under-
going SAVR. This is also supported by the STS database statistics 
on 30-day mortality post SAVR (the outcome approximated by 
the STS score) – which was 1.9% in 2019 (corresponding to the 
mid-range of the low-risk stratum)15 – and a multicentre registry 
of isolated SAVR procedures in the United States in 2013-201716. 
Under these circumstances (e.g., low-risk patients as the reference 
in everyday practice and thus less exposure to more challenging 
patients compared to the pre-TAVI era), it becomes challenging 
to train and maintain proficiency in performing complex surgi-
cal cases. This is expected to make surgeons more reluctant to 
accept patients with high-risk features, either clinical (emergent 

procedures, previous sternotomies, patent arterial grafts cross-
ing the midline, morbid obesity, liver cirrhosis, haemodialysis) or 
haemodynamic (left ventricular dysfunction, pulmonary hyperten-
sion) for SAVR, and more likely to refer these complex cases for 
TAVI, regardless of their age.

Unlike Heart Team discussions regarding myocardial revascu-
larisation, where evidence on reproducibility17 as well as the prog-
nostic effect of discordance between the Heart Team decision and 
practice guidelines18 have been published, no such data exist for 
Heart Teams regarding the treatment of valvular heart disease. 
Since we have no data on young AS patients with similar base-
line characteristics referred for SAVR and cannot compare their 
outcomes to our cohort of young patients undergoing TAVI, we 
cannot examine whether the SAVR outcomes would have been 
different, thus assessing the adequacy of the Heart Teams’ deci-
sions. However, the notion that the surgical risk of many of the 
young patients in our cohort was underestimated by the formal 
STS score is supported by two findings. First, our outcome data 
showing that overall mortality in our younger patients group 
was similar to that of the “standard” TAVI group in our cohort 
(who had a mean STS score higher by 2.7% and were on average 
17 years older). Second, the similar mortality of patients with STS 
scores indicating “formal” increased surgical risk to those with 
lower STS scores judged by the Heart Team to be at increased sur-
gical risk for other reasons.

These data demonstrate the importance of individual Heart 
Team discussions to identify at-risk populations not captured by 
standard risk scores.

The main message from our study is that younger patients 
(<70 YO) referred for TAVI in current/recent clinical practice, are 
a unique group in terms of their baseline characteristics. As such, 
they cannot be assumed to represent the overall AS population of 
this age group, nor should their outcomes form the basis for deci-
sions regarding expanding the indication for TAVI into younger 
age groups. Our data stress the need for randomised trials to com-
pare SAVR/TAVI in the overall AS population under 70 YO in 
order to inform therapeutic strategies, which carry significant 
implications in terms of health economics, resource utilisation and 
planning of care for patients suffering from severe AS.

Our study has several strengths: it is the first large-scale report 
on patients in this age group undergoing TAVI with access to 
detailed information from the Heart Team discussions in the par-
ticipating centres, and represents real-world data from a large 
international multicentre registry of contemporary TAVI practice.

Limitations
We could only compare the outcomes of the young AS cohort to 
“standard” TAVI patients, not those of similar-age patients under-
going SAVR (see above): the STS scores were calculated at each 
site; data on the reason for choosing TAVI over SAVR were miss-
ing in 3.3% of cases; our data are derived from European and 
Israeli centres only, mostly operating within a public national 
healthcare system, and may not be representative of other settings; 
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the follow-up period of 5 years is relatively short for young 
patients; we do not have data on specific outcomes relevant to 
younger patients such a patient prosthetic mismatch19 or need for 
coronary intervention20 following TAVI; finally, we cannot present 
robust data regarding haemodynamic results beyond the one-year 
follow-up, since echocardiographic data beyond this timepoint 
were unavailable for the vast majority of patients.

Conclusions
The percentage of patients younger than 70 years of age amongst 
the overall TAVI population is growing. The choice of TAVI over 
SAVR is most often due to an assessment of increased surgical 
risk, not adequately represented by the formal STS score. The 
midterm outcomes of patients younger than 70 years of age are 
similar to those of the overall TAVI population – in spite of being, 
on average, 17 years younger (Central illustration). Dedicated 
trials comparing TAVI with SAVR in the all-comers young AS 

population are needed to guide decisions regarding further expan-
sions of TAVI indications to younger age groups.

Impact on daily practice
In the first large-scale study of patients <70 years of age under-
going TAVI (with a mean age 65), we found that these patients 
exhibit a unique comorbidity profile, setting them apart from the 
overall AS population of similar age. In most cases, the Heart 
Team’s assessment was that the formal STS score underes-
timated the surgical risk. Clinical outcomes for these younger 
patients were similar to the overall TAVI population (who are, on 
average, 17 years older). Our results highlight the limitations of 
the STS score in assessing procedural risk in young AS patients, 
and the importance of Heart Team discussion. More data (ideally 
a randomised trial) comparing TAVI vs SAVR in the overall AS 
population younger than 70 years of age are needed.
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7.1%

9.1%

0.7% Neurologic/neuromuscular disease
1.1% Psychiatric disease/mental retardation

80.7% Heart Team 
 assessment of
 increased surgical 
 risk

Chronic bleeding disorder 1.6%
Indication for chronic immunosuppression 2.0%

Post solid organ transplant 3.0%
Unknown 3.3%

Patient declined surgery 3.4%
Active solid/haematologic 

malignancy 4.2%

25.4% STS score indicating
            increased surgical risk

17.0%
Lung function 
precluding GA

11.0% Porcelain aorta
10.8%

Too frail to undergo surgery

Unspecified 4.8%

Severe LV dysfunction 4.8%

Post SAVR 4.4%

Multiple previous sternotomies 3.7%
Liver cirrhosis 3.3%

Morbid obesity (BMI>35) 3.3%
Patent LIMA crossing the midline close to sternum 3.3%

Severe pulmonary hypertension 2.3%
Extensive chest injury due to radiation 2.1% 1.9% Haemodialysis

1.9% Emergent procedure due to AS-related  
     cardiogenic shock/cardiac arrest

<70
n=640

≥70
n=7,986

Mean age 65 82
Mean STS 3.1 5.3

Male
Previous cardiac surgery

Bicuspid valve
COPD
DM

Valve-in-valve

Mod+ MR
Femoral access
SE prosthesis

HTN

No difference in periprocedural complications
No difference in mortality up to 5 years follow-up

Central illustration. Left panel: Primary differences between the </≥ 70 years old patients in our study (top+middle) and a summary of the 
clinical outcomes (bottom). Right panel: distribution of case volume and fraction of <70 years old patients within the TAVI population at the 
participating centres (top), distribution of reasons for choosing TAVI over SAVR in this group (middle), and of reasons for classifying patients 
as being at increased surgical risk by the local Heart Teams (bottom). AS: aortic stenosis; BMI: body mass index; COPD: chronic obstructive 
pulmonary disease; DM: diabetes mellitus; GA: general anaesthesia; HTN: hypertension; LIMA: left internal mammary artery; LV: left 
ventricle; MR: mitral regurgitation; SAVR: surgical aortic valve replacement; SE: self-expandable; STS: Society of Thoracic Surgeons; 
TAVI: transcatheter aortic valve implantation



EuroIntervention 2
0

2
2

;17:12
8

9
-12

9
7

1296

Appendix. Authors’ affiliations
1. Division of Cardiology, Rabin Medical Centre, Petah-Tikva, 
Israel; 2. The Sackler School of Medicine, Tel Aviv University, 
Tel Aviv, Israel; 3. Division of Cardiology, University of  Catania, 
Catania, Italy; 4. The Heart Center, Rigshospitalet,  Copenhagen 
University Hospital, Copenhagen, Denmark; 5. Department of 
Cardiology, Thoraxcenter, Erasmus University Medical Center, 
Rotterdam, the Netherlands; 6. Cardiovascular Institute, Hospital 
Clinico San Carlos, IdISSC, Madrid, Spain; 7. Department of Car-
diac, Thoracic and Vascular Sciences, University of Padua Medi-
cal School, Padua, Italy; 8. Division of Cardiac Surgery, Medical 
University of Vienna, Vienna, Austria; 9. Department of Cardiol-
ogy, University Hospital Galway, National University of Ireland, 
Galway, Ireland; 10. Cardiovascular Department, Spedali Civili, 
Brescia, Italy; 11. Hospital de Sant Creu i Sant Pau Barcelona, 
Barcelona, Spain; 12. CIBERCV, Hospital Clínico Universitario 
de Valladolid, Valladolid, Spain; 13. Servicio de Cardiología, 
Hospital Álvaro Cunqueiro, Vigo, Pontevedra, Spain; 14. Depart-
ment of Cardiology, University Medical Centre, Ljubljana, 
 Slovenia; 15. Department of Cardiology, Heart Centre, Faculty of 
Medicine, University of Cologne, Cologne, Germany; 16. Tel Aviv 
Sourasky Medical Center, Tel Aviv, Israel; 17. Department of Car-
diology and Angiology II, University Heart Center Freiburg-Bad 
 Krozingen, Bad Krozingen, Germany; 18. San Camillo Forlanini 
Hospital, Rome, Italy; 19. Herzzentrum Bonn Universitätsklinikum 
Bonn, Bonn, Germany

Conflict of interest statement
N.M. Van Miegham received research grant support from Abbott, 
Boston Scientific, Edwards Lifescience, Medtronic, PulseCath BV 
and Daiichi Sankyo, advisory fees from Abbott, Boston Scientific, 
Ancora, Medtronic, PulseCath BV and Daiichi Sankyo. M. Barbanti 
received consultant fees from Edwards Lifesciences. C. Grasso 
is a proctor for Abbott Vascular. O. De Backer received research 
grants and consultant fees from Abbott and Boston Scientific. 
M. Andreas is a proctor/consultant for Abbott, Medtronic and 
Edwards Lifesciences, received institutional grant support from 
Edwards, Abbott, Medtronic and LSI. R. Estévez-Loureiro is a con-
sultant for Abbott Vascular and Boston Scientific. L. Nombela-
Franco received consultant fees from Edwards Lifesciences and 
is a proctor for Abbott. L. Sondergaard received consultant fees 
and institutional research grants from Abbott, Boston Scientific, 
Edwards Lifesciences and Medtronic. I. J. Amat-Santos is a proctor 
for Boston Scientific. M. Bunc is a proctor for Edwards, Medtronic, 
Abbott, and Meril and is on an advisory board for Medtronic. 
M. Adam received consultant fees from Medtronic, Edwards 
Lifescience and Boston Scientific. The other authors have no con-
flicts of interests to declare.

References
1. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B, 
Lancellotti P, Lansac E, Rodriguez Muñoz D, Rosenhek R, Sjögren J, Tornos Mas P, 
Vahanian A, Walther T, Wendler O, Windecker S, Zamorano JL; ESC Scientific 

Document Group. 2017 ESC/EACTS Guidelines for the management of valvular heart 
disease. Eur Heart J. 2017;38:2739-91

2. Siontis GCM, Overtchouk P, Cahill TJ, Modine T, Prendergast B, Praz F, Pilgrim T, 
Petrinic T, Nikolakopoulou A, Salanti G, Søndergaard L, Verma S, Jüni P, Windecker S. 
Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treat-
ment of symptomatic severe aortic stenosis: an updated meta-analysis. Eur Heart J. 
2019;40:3143-53.

3. Iung B, Delgado V, Rosenhek R, Price S, Prendergast B, Wendler O, De Bonis M, 
Tribouilloy C, Evangelista A, Bogachev-Prokophiev A, Apor A, Ince H, Laroche C, 
Popescu BA, Piérard L, Haude M, Hindricks G, Ruschitzka F, Windecker S, Bax JJ, 
Maggioni A, Vahanian A; EORP VHD II Investigators. Contemporary Presentation and 
Management of Valvular Heart Disease: The EURObservational Research Programme 
Valvular Heart Disease II Survey. Circulation. 2019;140:1156-69.

4. Carroll JD, Mack MJ, Vemulapalli S, Herrmann HC, Gleason TG, Hanzel G, 
Deeb GM, Thourani VH, Cohen DJ, Desai N, Kirtane AJ, Fitzgerald S, Michaels J, 
Krohn C, Masoudi FA, Brindis RG, Bavaria JE. STS ACC TVT Registry of 
Transcatheter Aortic Valve Replacement. J Am Coll Cardiol. 2020;76:2492-516.

5. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, Kapadia SR, 
Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR, 
McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P, Pershad A, 
Pocock SJ, Alu MC, Webb JG, Smith CR; PARTNER 3 Investigators. Transcatheter 
Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. 
N Engl J Med. 2019; 380:1695-705.

6. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O'Hair D, Bajwa T, 
Heiser JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin J, Chetcuti SJ, Adams DH, 
Teirstein PS, Zorn GL 3rd, Forrest JK, Tchétché D, Resar J, Walton A, Piazza N, 
Ramlawi B, Robinson N, Petrossian G, Gleason TG, Oh JK, Boulware MJ, Qiao H, 
Mugglin AS, Reardon MJ; Evolut Low Risk Trial Investigators. Transcatheter Aortic-
Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N Engl J Med. 
2019; 380:1706-15.

7. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Fleisher LA, 
Jneid H, Mack MJ, McLeod CJ, O'Gara PT, Rigolin VH, Sundt TM 3rd, Thompson A. 
2017 AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for the 
Management of Patients With Valvular Heart Disease: A Report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol. 2017;70:252-89.

8. Writing Committee Members, Otto CM, Nishimura RA, Bonow RO, Carabello BA, 
Erwin JP 3rd, Gentile F, Jneid H, Krieger EV, Mack M, McLeod C, O'Gara PT, 
Rigolin VH, Sundt TM 3rd, Thompson A, Toly C. 2020 ACC/AHA Guideline for the 
Management of Patients With Valvular Heart Disease:Executive Summary: A Report 
of the American College of Cardiology/American Heart Association Joint Committee 
on Clinical Practice Guidelines. J Am Coll Cardiol. 2021;77:450-500.

9. Roberts WC, Ko JM. Frequency by decades of unicuspid, bicuspid, and tricuspid 
aortic valves in adults having isolated aortic valve replacement for aortic stenosis, with 
or without associated aortic regurgitation. Circulation. 2005;111:920-5.

10. Capodanno D, Petronio AS, Prendergast B, Eltchaninoff H, Vahanian A, Modine T, 
Lancellotti P, Sondergaard L, Ludman PF, Tamburino C, Piazza N, Hancock J, 
Mehilli J, Byrne RA, Baumbach A, Kappetein AP, Windecker S, Bax J, Haude M. 
Standardized definitions of structural deterioration and valve failure in assessing long-
term durability of transcatheter and surgical aortic bioprosthetic valves: a consensus 
statement from the European Association of Percutaneous Cardiovascular Interventions 
(EAPCI) endorsed by the European Society of Cardiology (ESC) and the European 
Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2017;38:3382-90.

11. Johnston DR, Soltesz EG, Vakil N, Rajeswaran J, Roselli EE, Sabik JF 3rd, 
Smedira NG, Svensson LG, Lytle BW, Blackstone EH. Long-term durability of bio-
prosthetic aortic valves: implications from 12,569 implants. Ann Thorac Surg. 
2015;99:1239-47.

12. Witberg G, Codner P, Landes U, Barbanti M, Valvo R, De Backer O, Ooms JF, 
Sievert K, El Sabbagh A, Jimenez-Quevedo P, Brennan PF, Sedaghat A, Masiero G, 
Werner P, Overtchouk P, Watanabe Y, Montorfano M, Bijjam VR, Hein M, Fiorina C, 
Arzamendi D, Rodriguez-Gabella T, Fernández-Vázquez F, Baz JA, Laperche C, 
Grasso C, Branca L, Estévez-Loureiro R, Benito-González T, Amat-Santos IJ, Ruile P, 
Mylotte D, Buzzatti N, Piazza N, Andreas M, Tarantini G, Sinning JM, Spence MS, 
Nombela-Franco L, Guerrero M, Sievert H, Sondergaard L, Van Mieghem NM, 
Tchetche D, Webb JG, Kornowski R. Transcatheter Treatment of Residual Significant 
Mitral Regurgitation Following TAVR: A Multicenter Registry. JACC Cardiovasc 
Interv. 2020;13:2782-91.

13. Attinger-Toller A, Ferrari E, Tueller D, Templin C, Muller O, Nietlispach F, 
Toggweiler S, Noble S, Roffi M, Jeger R, Huber C, Carrel T, Pilgrim T, Wenaweser P, 
Togni M, Cook S, Heg D, Windecker S, Goy JJ, Stortecky S. Age-Related Outcomes 
After Transcatheter Aortic Valve Replacement: Insights From the SwissTAVI Registry. 
JACC Cardiovasc Interv. 2021;14:952-60.



EuroIntervention 2
0

2
2

;17:12
8

9
-12

9
7

1297

TAVI in younger (<70 years old) patients

14. O'Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, Normand SL, 
DeLong ER, Shewan CM, Dokholyan RS, Peterson ED, Edwards FH, Anderson RP; 
Society of Thoracic Surgeons Quality Measurement Task Force. The Society of 
Thoracic Surgeons 2008 cardiac surgery risk models: part 2--isolated valve surgery. 
Ann Thorac Surg. 2009;88:S23-42.
15. Bowdish ME, D'Agostino RS, Thourani VH, Desai N, Shahian DM, Fernandez FG, 
Badhwar V. The Society of Thoracic Surgeons Adult Cardiac Surgery Database: 2020 
Update on Outcomes and Research. Ann Thorac Surg. 2020;109:1646-55.
16. Craig P, Rogers T, Zou Q, Torguson R, Okubagzi PG, Ehsan A, Goncalves J, 
Hahn C, Bilfinger T, Buchanan S, Garrett R, Thourani VH, Corso P, Shults C, 
Waksman R. Impact of Transcatheter Aortic Valve Replacement on Risk Profiles of 
Surgical Aortic Valve Replacement Patients. Cardiovasc Revasc Med. 2020;21: 
959-63.
17. Pavlidis AN, Perera D, Karamasis GV, Bapat V, Young C, Clapp BR, Blauth C, 
Roxburgh J, Thomas MR, Redwood SR. Implementation and consistency of Heart 

Team decision-making in complex coronary revascularisation. Int J Cardiol. 2016; 
206:37-41.
18. Witberg G, Segev A, Barac YD, Raanani E, Assali A, Finkelstein A, Roguin A, 
Sahar G, Vaknin-Assa H, Bolotin G, Eitan A, Klempfner R, Goldenberg I, Kornowski R. 
Heart Team/Guidelines Discordance is Associated with Increased Mortality: Data from 
a National Survey of Revascularization in Complex Coronary Artery Disease Patients. 
Circ Cardiovasc Interv. 2021;14:e009686.
19. Herrmann HC, Daneshvar SA, Fonarow GC, Stebbins A, Vemulapalli S, Desai ND, 
Malenka DJ, Thourani VH, Rymer J, Kosinski AS. Prosthesis-Patient Mismatch in 
62,125 Patients Following Transcatheter Aortic Valve Replacement: From the STS/
ACC TVT Registry. J Am Coll Cardiol. 2018;72:2701-11.
20. Faroux L, Guimaraes L, Wintzer-Wehekind J, Junquera L, Ferreira-Neto AN, Del 
Val D, Muntané-Carol G, Mohammadi S, Paradis JM, Rodés-Cabau J. Coronary Artery 
Disease and Transcatheter Aortic Valve Replacement: JACC State-of-the-Art Review. 
J Am Coll Cardiol. 2019;74:362-72.


